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FORECASTING THE WEATHER AND 
STORMS* 


By Peoressor Wituis L. Moors, LL. D., 


CHIEF Uxtren States Weather HuREAY AND PRESIDENT NATIONAL 
GHOGRAPHIC Socmry 


WHE author would urge all mtel- 
ligent persons to abandon the 


- tdea that the weather-map is on 
enigma too dificult for them to solve, 
To one who will read this chapter once 
or twice, and carefully follow the charts 
as they at-strccessive steps Ubwstmte and 
make clear the text, the daily weather 
chart will be on object of interest as 
well as pleasure and profit, Sometimes 
the problems presented by the mup 
are so. simple that one possessed of the 
most elementary knowledge of its con- 
struction. can accurately forecast the 
character of the coming weather ; i aril 
ngatn, the most expert forreaster is tm- 
able to clearly foresee the impending 
changes, 

Weather maps. differas much a5 do the 
members of the homan family; notwo 
are precisely alike, although they may 
be similar in their fundamental chatac- 
teristics. Some are so radically dissim- 
ar to others that it requires but a 
glance to learn that similar weather 


connot foliow both, Weather forecast- 
ing may be fairly placed upon a plane 
with the theory and practice of medi- 
cine. The forecaster is in a degree 
guided in his calculations by symptoms, 
and he is able to diagnose the atmos: 
pheric couditions with about the same 
degree of accuracy that the skilled phy- 
sician is able ta determme the bodily 
candition of his patient. Heis able to 
forecast changes in the weather with 
rather more certainty than the physician 
can predict the course and the result of 
a well-defined disease. While but less 
than a century ego we knew not whence 
the winds came nor whither they went, 
we are now able, through the and of 
daily meteorological observations and 
the telegraph that joins our places of 
observation by an electric touch, to 
trace out the harmonious operations of 
many physical laws that previously were 
unknown, and that determine the go- 

ings sural the comings of the winds, and 
the sequence in which weather changes 
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eccur: but in weather forecasting it 
will never be possible to attain the ac- 
curacy acquired by astronomers: in pre- 
dicting the date of an echpse or the 
occurrence of celestial events. 

In this connection it ts interesting to 
note that at the time of the founding 
of the first of the Thirteen Colonies, at 
Jamestown, Virginia, in (607, practi- 
cally nothing wae known of the prop- 
erties of the attr or of the methods of 
measuring its phenomena. Today, ut 
over 200 stations in the United States, 
Canada, and the West Indies, electric- 
ally recording automatic instruments 
measure and transcribe, for each mo- 
ment of time; the temperature, the air 
presstite, the velocity and the direction 
of the wind, the beginning and the end- 
tng of rainfall, the amonntof precipita- 
tion, and the duration of sunshine. 

It was not until rig3, twenty-three 
years after the landing of the Pilgrims 
at Plymouth Rock, that Torricelli dis- 
covered the principle of the barometer, 
and made it possible to measure the 
weight of the superincumbent air at any 
spot where the wonderful, yet simple, 
little instrument might be placed. His 
great teacher, Galileo, who was so 
ctuclly persecuted for teaching the 
truth of the Copernican theory and for 
the invention of the telescope, died with- 
out knowing of the barometer. He 
therefore never understood why ** nat- 
nre abhors a vacuum.'' But meteorol- 
ogists as well as astronomers must ever 
pay homage to his great intellect, for, 
among many other valuable inventions, 
he discovered the principle of the ther- 
mometer. ‘The data from the teadings 
of the barometer and the thermometer 
form the foundation of meteorological 
science. ‘Their inventors as little ap- 
preciated the value of their discoveries 
as they dreamed of the great empire 
then just rising from the mists of the 
western seus, which should come into 
existence and first use their instruments 
to detect the inception of storms. 
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THE RESEARCHES OF BENJAMIN 
FRASELAUS 

About one hundred years after the 
invention of the barometer Henjamin 
Franklin, statesman, diplomat, patriot, 
and scientist, divined that northeast 
storms were caused! by atmospheric dis- 
turbunces located to the southwest of 
the regions experiencing the morth- 
east winds. He compared the move- 
ment of the air to water held tn a canal 
by a gate at the lower end, When the 
vate is opened the water nearest it 
troves- first then that next higher up, 
and so on, until motion is imparted to 
the water at the fur end of the canal. 
His simile does not explain what actu- 
ally occurs, but it closely approuches 
the truth, It was prophetic that this 
idea should come to him long before 
any one had ever seen charts that show 
weather observations simultaneously 
taken at a system of stations scattered 
throughout a broad area. His theory 
was equally as important as his act of 
drawing the lightning from the clouds 
and identifying it with the ‘electricity 
of the laboratory, bot his contempora- 
ries thought little of it and it was soon 
forgotten. 

Tt will aid im tnderstanding the cy- 
clonic motion of sterms, which will be 
fully explained a little farther along in 
this chapter, to learn how Franklin 
came to teach his conclusions as to the 
cause of the northeast winds. He had 
arranged with his brother in Boston to 
take observations of a lunar eclipse at 
the same tine that he himself would 
take them in Philadelphia, Early on 
the evening of the eclipse an wnousually 
severe northeast storm begun at the 
latter place, lasted many hours, and pre- 


vented Franklin from getting observa- 
tions. As the wind blew fiercely from 


the tiortheast, he reasoned that of course 
the storm came from that direction, and 
that his brother's views in Boston also 


wereobscured. Whatwas his surprise, a 


few days later, to receive word that the 
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night was clear and that good obserya- 
tions were sectired, but that ao severe 
northeaster began the next morning, 
He then sent out many inqttiries to 
Stave stations, and learned that ot all 
Places southwest of Philadelphia the 
storm began earlier, and that the greater 
the distance the earlier the beginning, 
as compared with its advent it) Phila- 
delphia. Northeast of Philadelphia the 
time of beginning wastater than at that 
city, the storm not renching Boston 
until twelve hours after its commence- 
ment at Philadelphia. 

Franklin's analogy of the water is all 
night so far asit goes. But if, instead 
of the cuttal, he bad imagined a broad 
ocean, and in place of the gate he had 
located a taeistrom o bunilred miles 
wide in the center of the ocean, towaril 
which the waters within a circle a thou- 
sand miles in diameter were moving, 
first slowly and. directly toward the 
eenter, then with accelerating velocity 
and increasing deflection to the right of 
the cetiter, and finally faster and faster 
as they drew near and gyrated with 
fearful speed about the orifice down 
which they must plunge, he would have 
gained a clearer idea of the motions of 
the air in a large cyclonic storm, except 
that to make the analogy perfect it is 
necessary to Invert the maelstrom and 
have the upper surface of the ocean face 
downward upon the land to represent 
the atmosphere, and then the maelstrom, 
with its vust system of in flowing cur- 
rents, must have a movement of tratisla- 
tion exstwari. 

The northeast hurricane that swept 
the region from Boston to Philadelphia 
, was caused by the suction exercised by 

a cyclonic storm advancing from the 
soatieest: which drew the air rapidly 
from Boston toward Philadelphia, while 
the source of the attraction—the center 
of the eyclone—was several hundred: 
miles to the southwest of the latter 
place, The velocity of the northeast 
winds increased as the center of the cy- 
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clone came nearer and nearer, until the 
winds reached the force of a hurricane. 
When the center of the storm reached 
the vicinity of Philadelphia the winds 
suddenly became variable and light, and 
as the center of the disturbance passed 
the winds arose as quickly as they had 
subsided, but with this difference : they 
now blew from some westerly point in- 
directly, or spirally tow ard the center 
of the storm that was passing exstward, 
und diminished in force as the cetter 
cess distance. 

Had the telegraph been in existence 
in Thomas Jefferson's day he doubtless 
would have conceived the idea of fore- 
casting the weather. In conjunction 
with his friend, Tames Madison (after- 
wird Bishop), he conducted a serics of 
weather obseryations, which were be- 
gun in is72 and continued during the 
stitring times of the Revolution. Madi- 
sun was tear the sea, at Williamsburg, 
the colonial capital of Virginia; Jeffer- 
son was at Monticello, 120 miles west. 
They took simultaneous ohseryations 
for several years, inti] the British ran- 
sacked Madison's howse amd] carried off 
his barometer, By comparing observa- 
tions they discovered that barometric 
and thermometric changes occurred at 
Monticello three or four hours before 
they did at Williamsburg. 


THE SHGINNING OH THE AMERICAN 
WEATHER SERVICE 

Alth ongh American scientists were 
the pioneers in discovering the progress- 
ive character of storms aud in deter- 
mining the practicability of forecasting 
the weather, the United States was the 
fourth country to give legal autonomy 
toa weather service. But it would re- 
quire an international service, embrac- 
ing all the countries of Europe, ta equal 
the service of the United States in ex- 
tent of the area covered. Furthermore, 
forecasts for the countries of western 
Europe can never cover the thme in ad- 
vance or attain the accuracy of those 
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made for the region east of the Rocky 
Monntains on the American continent, 

because of the ocenn that lies to the 
west of these countries in Enrope, from 
which observations cannot be secured. 
To be sire, wireless telegraphy may 
partly relieve the situation, bat irregu- 
Jar observations from moving vessels 
cannot take the place of stable land 
stations. 

At the time of the beginning of the 
U. &. weather service, in 1470, and for 
some years thereafter the forecasts and 
storm warnitigs were looked upon by 
the press and the people more as. ex- 

pens than a5 serious statements, 

& NEWSpOpers Were prone to comment 
feoetinuste un them, and many were 
clamorous for the abolition of the serv- 
ice. We knew nearly as much about 
the theory of storms then as we do to- 
doy; but we had never had the oppor- 
tunity to train a-corps of expert fore- 
cuaters, stich as now form a considera- 
bhe part of the staff of the Chief of the 
Weather Bureat, and from which he 
himself wus graduated. This could 
only be done by several years of datly 
watching the imoeption, the develop- 
ment, and the progression of storms. 
After a time tariners began to note 
that in the great majority of cases storm 
warnings were followed by reTOMMS 
winds ami to take heed accordingly, 
With experience the warnings became 
still more accurate, until now ne port, 
however émall, is without its storm- 
warning tower, and no mariner sails 
the stas who does not consult the sig- 
nls, and no shipper of perishable com- 
modities tuns his business .a day in the 
winter without being in touch with the 
source of cold-wave warnings, and no 
large grower of fruits or vegetables is 
content to be excloded from the receipt 
of the frost forecasts. 

Redfield, Espy, Henry, Loomis, 
Maury, Abbe, and Lapham are the 
Americuns to whom the world owes 
most for the founding of meteorological 
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sciences and forthe demonstration of the 
feasibility of weather forecasts. 


HOW THE DAILY WEATHER CHART 
iS MADE 

It is essential to a comprehension of 
the problems involved in the making of 
forecasts that one gaima kuowledge of 
the methods of gathering meteorological 
observations andl making weather te- 
ports: This morning at § o'clock— 
tsth meridian time—which, by the way, 
is about 7 o'clock at Chicago, 6 o'clock 
at Denver, and 5 o'clock at San Fran- 
cleeo—the observers at about 200 sta- 
tions scattered throughout the United 
States and the West Indies were taking 
their observations, and, with the aid of 
carefully tested instruments, noting the 
presure of the air, the temperatiire, the 
humidity, the rainfall or snowfall, and 
the cloudiness at the bottom of the 
aerial ocean in which we live, and which, 
by its variations of heat and cold, sun- 
shine, clouds and tempest, affect not 
only the health and ha peices of mum, 
but his commercial industrial wel- 
fare, By 4.15 the observations have 
been reduced to cipher for purposes of 
brevity, ond each has been filed at the 
local telegraph ofice. Dturing the next 
30 to 40 minutes these observations, 
with the right of way over all lines, are 
speeding to their destinations, each stu- 
tion contributing Its own observations 
and receiving in return, by an ingenious 
system of telegraph cirenits, such ob- 
servations from other stations as it may 
require. The observations from all 
stations are received at stich centers as 
Washington, Chicago, New York, and 
other large cities, and nearly all cities 
having a Weather Bureau station re- 
ceives a sufficient number of reports 
from, other cities to justify the issuing 
of a daily weather may 

Before examining the accompanying 
charts it may be well to glunee ot the 
central affice fn Washington, while the 
observations ate coming in, 50 as to get 
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an idea of how the charts are made for 
the study of the forecast official, From 
these he getsa panoramic view, notonly 
of the exnect conditions of the air over 
the whole country at the moment of 
taking the observations ane hour before, 
but of the changes that have occurred 
in these conditions during the preceding 
12 amd 24 hours, As fast as the reports 
come from the wires they are passed to 
the Forecast Division, where a reader 
stands in the ras of the room anil 
translates the cipher into figures and 
words af intelligi ig sequence. A forte 
of clerks is engaged in making graphic 
representations of the geographical dis- 
tribution of the different meteorological 
elements, On blank charts of the United 
States each clerk coptes from the trans- 
lator that part of each station's report 
necded in the construction of his par- 
ticnlar chart, One clerk constructs a 
chart showing the change in tempera: 
ture during the preceding 24 hours. 
Broad red lines separate the colder from 
the warmer regions, and narrow red lines 
inclase areas showing changes in tem- 
perature of more than to degrees. The 
narrow lines generally tun im oval or 
circular form, indicating (as will be 
shown subsequently) that atmospheric 
disturbances move and operate m the 
form of great progressive eddies; that 
there are cettral points of intensity from 
awhich the force of the disturbance di- 
minishes in all directions, 

A second clerk constructs a chart 
showing the change that has occirred 
in the barometer during the past 24 
hours, As tn the construction of the 
temperature chart, broad, heavy lines 
ef red separate the regions of rising 
barometer from those of falling harom- 
eter, Narrow lines inclose the areas 
aver which the change in barometer has 
been greater than one-tenth, and so on, 

Here, for instance, throughout a great 
expanse of territory, all the barometers 
are Tising—that is to say, the air cools, 
contracts, beccunes denser, and presses 
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with greater force upon the surface of 
the mercury in the cisterns of the in- 
struments, thereby sustaining the col- 
ums of liquid metal at a greater hei¢ht 
in the yacntim tubes. (ver another 
consilerable area. the barometers are 
falling, as increasing temperature rare- 
fies and expands the volume of the air, 
catiaing it to press upon the instruments 
with lessforce. This chart extremely 
welnul to the forecaster, since, in con- 
nection with the general weather chart, 
it indicates whether or not the storm 
centers are incrensing or decreasing in 
intensity, and, what is of more impor- 
tance, it gives in a great measttre the 
first warning of the formation of storms, 

A third clerk constructs two charts, 
one showing the humidity of the air 
anc the other the cloud areas, with the 
kind, amount, and direction of the 
clouds at each station, It is often in- 
teresting to observe at a station on the 
cloud chart high citrus clouds composed 
of minute ice spiculee: moving from ont 
direction, lower ctomtlo-stratis com- 
posed of condensed water vapor moving 
from another direction, and the wind 
at the surface of the earth blowing from 
a third point of the compass. Such 
etratic movements of the oir strain mre 
only observed shortly before or during 
tain or wind storms. 

A fourth clerk constructs 4 chart 
called the general weather chart, show- 
ing for each station the air temperature 
and pressure, the velocity and direction 
of the wind, the rain or snow fall since 
the last report. and the amonnt of 
cloudiness. The readings of the barom- 
eter on this chart are reduced to sen- 
level, so that the variations in pressure 
due to local altitudes may not mask and 
ohecure these doe to storm formation, 
Then lines, called isobars, are drawn 
through places having the same pres- 
sure. By drawing isobars for each dif- 
ference in pressure of one-tenth of an 
inch the high und the low pressure 
areas are soon inclosed in their proper 
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cireles, The word ‘high’ is written 
at the center of the region of greatest 
air pressure and the word ‘low’ at 
the center of the area of least pressure. 
Under the mflaence of gravity the: air 
s downward and outward in all 
ections , this causing it to flow from 
a Tegion of great pressure toward one 
of less. The velocity with which the 
wind moves from the high toward the 
low will depend largely on the differ- 
efice in air pr To better ilus- 
trate: [f the borometer read 24,5 at Chi- 
cago, Ill., and 30,5 at Bismarck, North 
Dakota, the difference of one inch in 
pressure would cause the gir to move 
from HKismarck toward Chicago so rap- 
idly Uiat after allowing forthe resistance 
of the ground there wonld remain a 
wind at the surface of the earth of about 
so miles per hour, and Lake Michigan 
would cxpetiente a -severe “ north- 
wester."’ 


CYCLONTOC STORAS 


Chart No, 1 shows a whiter storm (cy- 
clone) central in [owa at § a. m., Decem- 
ber 15,6893. ‘Theword * low"? marks 
the storm center. Itis the one place 
in all the United States where the ha- 
rometer reading is the lowest. The 
heavy, black lines, oval and nearly con- 
centric about the low, show the gradation 
of air Pressure as it increases quite tiiti- 
formly it all directions from the storm 
center outward, 

The arrows Ay with the wind, ond, 
as will be seen, ate almost without ex- 
ception movin indirectly toward the 
low or storm center, clearly demonstrat- 
ing the effect of gravity in catsing: the 
air to flow from the several regions 
marked high, where the gir is abnor- 
mally heavy, toward the low, where the 
air is lighter. As the velocity of water 
flowing down an inclined plane depends 
beth on the slope of the plane and on 
the roughness of its surface, so the ve- 
locity of the wind as it blows along the 
surface of the earth toward the storm 
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center depends on the amount of the de- 
preset of the barometer at the center 
and the resistance affered by surfaces of 
varying degrees of roughness. The 
small figures placed at the ends of the 
arrows iidicate wind gelocities of six 
miles per hour and more. At Chicago, 
where the wind is blowing at the rate 
of gocmiles per hour, the anemometer is 
270 feet high, while at Minneapolis, 
where the instrument isso low as to bein 
the stratum whose velocity is restricted 
by the resistance encountered in dowing 
over forests to the northward, the rate 
is not great enough to be marked by o 
Sa At Chicago and Davenport the 

nd is blowing against the pressure 
gradient, away from the low, This is 
due to the fact that it has flowed swiftly 
from the south and gained such momen- 
tum that it rushes by the storm center 
before the gradient aon the north of the 
center can overcome its movement and 
burt it, 

Now picture in your mind the fact 
that all the air inside the isobar (heavy 
black line) marked 30:2 os it moves 
api irally inward is rotating about the low 
in a direction contrary to the movement 
of the hands of a watch, and you havea 
very fair conception of an iminense at- 
mospheric cidy, or cyclone. 

Have you ever watched the piscul 
water of a deep runing brook and ob- 

served that where it encountered a pro- 
jecting erag little eddies formed and 
went spinning down the stream? Well, 
sturms are simply great eddies in the 
air that are carried along by the gencral 
easterly movement of the attosphere in 
the middle latitudesof both hemispheres 
an by the westerly movement of the 
general circulation in the tropics. But 
they are not deep eddies, as was once 
supposed. The low marks the center 
of an atmospheric eddy of vast honzon- 
ta] extent as compared with its thickness 
orextension Ina vertical direction ; thus 
a storm condition extends from Wash- 
ington to Denver in a horizontal direc- 
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tion, and yet extends upward but four 
or five miles. The whole disk of whitl- 
ing ait four or five miles thick and 1, j00 
miles in diameter is called a cyclone or 
cvelonic system. It is important thata 
proper conception of this fundamental 
dea be had, since the weather experi- 
enced from day to day depends almost 
wholly on the movement of these trav- 
eling eddies, cyclones, or areas of low 
presstre. 

That one may. gain a clear uniter- 
standing of the difference between the 


movements of the air in the cyclone and. 


the movement of the cyclone itself, or 
its translation from place to place, let 
him picture in his mind the solursysten, 
with all of its planets.and their satellites, 
turning each upon its own axis andl 
pursuing lits orbit about the sun, and 
then itnagine the sun also os rotating 
and as moving forward in space without 
change in the relation of the planets to 
the sun, or the satellites to the planets, 
and he will have less difficulty in com- 
prehending the various phases of the 
tranalation of a cyclonic system and the 
sequence in which the force and the «i- 
fection of the wind changes: how the 
wind must blow into the front of the 
storm in a direction purtly or wholly 
contrary to the movements of the storm 
itself and into the rear of the storm as 
it passes away: how the wind increases 
in velocity as it gyrates spirally about 
the center and approaches nearer and 
nearer the region where it must ascend ; 
how centrifugal force, in causing the 
higher layers of air to move away from 
the center, tends to cause an accumu- 
lation of air about the outer periphery 
of the storm, which in turn presses 
downward and impels the surface air 
inward. This whole complex system of 
motion moves forward the same as does 
the sun and hissystem. 

The black round disk indicates that 
the weather is cloudy at the moment of 
the observation, and the open disk clear 
sky. S, and R. stand for snow and 
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rain. The large figures in the four 
quarters of the cyclone show the aver- 
awe temperature of each quadrant. The 
greatest difference is between the south- 
east and northwest sections: This is 
due in part tothe fact that in the sonth- 
east quadrant the air is drawn north- 
ward from warmer latitudes, and in the 
northwest quadrant the air is thaw 
southward from colder latitudes. 

Chart [1], constructed! from observi- 
tions taken *2 hours later, shows that 
the storm or cyclonic center, as indi- 
cited by the word "low," has moved 
from central Towa -sined § a. m, and 
now, at 3p. m., central over the south- 
ern point of Lake Michigan. The 
shaded areas show that precipitation has 
occurred during the past 12 hours in 
neatly the entire region covered by the 
cyclone, Unfortunately for the science 
af forecasting, precipitation does not 
show that relation to the configuration 
of the isobars that. temperature, wind 
velocity, and wind direction do. 

Note that none has fallen in the south- 
ern portion of Ohio, in northwest Mis- 
soir, and in West Virginia and eastern 
Kentucky, although they are near the 
storm center, while a fall has occurred 
in New England, quite remote from the 
center of barometric depression. These 
facts illustrate how a forecast of rain or 
anow may fail for a portion of a state or 
for a whole state, even though the storm 
pass over the state and the wind and 
temperature change precisely as pre- 
dicted, However, all the places men- 
Honed a5 failing to receive precipitation 
were showered upon during the further 
progress of the storm, except northwest 
Missouri, os will be seen by referring to 
chart TI! of the following morning. 
The eyclane has continued its course 
toward the northeast, and has brought 
the rain area eastward to include nearly 
the whole Atlantic coast region. The 
weather has cleared on the west side o 
the stori. 

Charts IL and LIT contain red lines, 
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which, like the dark: shading, do not-ap- 
pear on chart I, which was purposely 
left clear of these symbols, am that the 
movement of wind in accordance with 
pressiire gradients could be the better 
shown. These red lines connect places 
having the: same temperature. Note 
how. on both charts, they trend from 
the Atlantic coast northwestward inta 
the southeast quarter of the cyclone. 
and where they leave the storni center 
how precipitately they drop away to 
wartl the southwest, A cause con be 
ensily found for thie by examining the 
direction of the arrows. In the first 
case the isothermals are being pushed 
nitthward by southerly winds, and in 
the other forced southward by winds 
from the northwest. As the cyclone 
proceeds eastward the regions now tm- 
der the influence of warm southerly 
winds will be, in less than 24 hours, on 
the west side of the storm, and cold 
northwest winds will sweep over thers. 
The line of arrows leading from west- 
ern- Wyoming to the center of the storm 
on chart [IT shows the place where the 
evelonic circulation. of wind began that 
constitries the storm and the course 
pursed by the storm center. The 
stuall circles sorrounding ¢rosses mark 
the places where the storm was central 
ut each 12-hour interval. The figure 
above the circle indicates the date, and 
the letter below evening of morning. 
As previously explained, tlhe large 
figures give the average temperature for 
each of the four quarters of the storm 
within a radius of 500 miles from the 
center, The same information may be 
gathered from the isotherms, but cannot 
he sostnkingly presented. Now, temem- 
herring that the dir ascends as it spirally 
Moves. arotmiel the center, one may see 
how the cold air of the torthwest quar- 
ter is mingled with the warm air of the 
southeist pottion, which in each of the 
three cases presented by the charts so 
far brought into the discussion is mere 
than three times as warm. On chart 
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IU the two quarters are represented— 
one by 14 deprees and the other by 47 
degrees. The mixing of such cold and 
such warm misses of air ond the adddi- 
tion of cold‘dne to expansion as the mix- 
ture fisés is a fruitful cause of precipi- 
tation, but not the only one, for we see 
that min has fallen in the Gulf states, 
as exhibited ot chart IT, probably only 
as the result of cold northwest winds 
lowing into and mingling with the 
warn ait of the south. Precipitation 
may also occur as the result of the warm 
humid air of southerly winds wnder- 
ronning coid ond heavier air, and by 
other processes not yet understood. 


ANTI-CYCLOSIC STORMS 


Attention is now directed to the aq’- 
creme or high-pressure area shown on 
these three charts as- resting over the 
Rocky Mountain plateau. Here all the 
functions of the cy¢lone are reversed : 
hence the name anti-cycione. The air 
has a downward component of motion 
at and for « considerable area about the 
center, instead of an upward compo- 
nent ; the winds blow spirally outward 
from the interior, instead of inward, and 
are defiected to the left of their initial 
direction, instead of to the right, and 
the air is mostly clear, cool, and dry, 
instead of cloudy, warm, and Ihnmeéd. 
‘The center of this high moved but little 
during the three 12-hour periods, but 
its area expanded eastward ax the low 
advanced, and if the chart of Decem- 
ber 17, 8 p. m., were shown the high 
pressure would be seen to cover with 
clear, coal weather the region now en- 
braced’ within the limits of the low 
pressure. 

These are winter conditions that are 
being deseribed, ‘The stornis are gen- 
eral, not incal, asin sunimer, when the 
highs and the lows exhibit small differ- 
ences of pressure, move slowly, and sel- 
dom embrace large areas. The summer 
type of loca) storms gradually merges 
inte general storms as the heat of sum- 
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mer wanes, the first general rainstorms: 


usually occurring during the latter part 
of September. This has given rise to 
the erroncous idea of an *' equinoxtal 
storm.” 


HOT WAVES 


For some reason there come, 1m stum- 
ther, periods of stagnation in the drift of 
the highs ond the lows. Atsuch times, 
if a high slugeishiy rests over the south 
Atlantic Ocean between Bermuda and 
the coast of the United States and a 
low over the northern Rocky Mountain 
region, there will result what is pop- 
larly known asa warm wave, for the 
air, on account of its slightly greater 
specific gravity, will slowly and steadily 
flow from the southeast, where the press- 
ure is greater, toward the northwest, 
where the pressure 15 less, and, receiv- 
ing constant acerections of heat from the 
hot, radiating surface of the earth, with- 
out any cyclones to. mix the upper and 
lower strata, will finally attain a tem- 
perature almost unbearable to animal 
ife. This superheated condition of the 
lower stratum in which we live continues 
until the high over the ocean dies out 
or dnfts away to the east and the low- 
presstire area in the northwest begins 
to gyrate as a evclone and moves enst- 
wird, Mixitg in ils course strata of un- 
equal temperatures and precipitating 
the cool and welcome thunder showers, 


COLD WAVES 


Chart IV shows the beginning of a 
cold wave in the northwest on the morn- 
ing of January 7, 1586. Observe that 
the heavy, black isobar passing through 
Montana is marked 30.9, while the isa 
bar curving through southern Texas is 
marked 24,8, 8 difference of 4.¢ inch ith 
the air pressire between Montana and 
Texas. The red isothermal line in Mon- 
tana is marked 30 degrees below zero, 
while the isotherm on the Texas coast 
indicates a tempermturc of so degrees. 

The people of the Gulf states, with 
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a morning temperature of 40 to go de- 
grees, knew nothing of the great yolume 
of extremely cold air to the northwest 
of them: but from the distribution af 
air pressure shown by chart DV" the 
forecaster anticipated that the cold air 
of the northwestern states, on acconnt 
of its great weight, would be forced 
southward to the Gulf and eastward to 
the Atlantic Ocean, or, more accurately 
speaking, that the conditions cansing 
the cold in the northwest would drift 
southward and eastward. He therefore 
issued the proper warning to the threat- 
ened districts, 

Now turn to chart V of the following 
morning, and it will be seen that the 
cold wave has covered the entire Missis- 
sippi Valley. The to-degree isothermal 
line has been forced southward almost 
to Galveston, where the temperature the 
preceding morning was so degrees. 

The low shown on the preceding chart 
as being central in southern Texas has 
moved northesstward to Alabama and 
on chart V appears asa fully developed 
storm. The difference in presstire be- 
tween the central isohar of ‘the low and 
the central isobar of the high ts now 1.4 
inches. 

The low is lower and the high is 
hi¢her—conditions that argue ill forthe 
coast line toward which the low is mov- 
itty, Next look oat the arrows at the 

const stations from Key West, Florida, 
bo Eastport, Maine; they are found to 
have short bars at one end, which indi- 
cate that every port, large and small, 
between these two places is flying dan- 
ger signals, and that every promontory 
or island along this vast stretch of sen- 
shore will exhibit the warning lights of 
the Weather Bureau as soon as nighit 

Twenty-five ‘years ago mariners de- 
pended on their own weather lore to 
watn thet of coming storms ; then, al- 
though the number of ships plying the 
beas was mich less than it is now, every 
severe stort that swept across them left 
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death and destruction in its wake, and 
for days afterward the dead were cast 
up by the subsiding waters and the 
shores were lined with wreckage. Hop- 
pily thisisnot now the case, Theangry 
waters and the howling winds yent their 
fury the one upon the other, while the 
great mass of shipping, so long the prey 
of the winds and the waves, rides safely 
at anchor in convenient harbors. 

The large figures in the four quarters 
of the low again strikingly illustrate 
how great may be the difference in tem- 
perature, under cyclonic influence, be- 
tween regions separated by but short 
distances, It is certain that as the low 
or cyclonic whirl. moves toward the 
northeast, along the track usually fol- 
lowed by storms in this locality, the 
cold of the northwest + jundrant, by the 
action of the ahaa whirling disk 
of air that constitutes the low, will be 
dtiven southeastward toward Florida, 
lowering the temperature in-the orange 
groves to below the freezing point. 

Chart VI shows that the center of the 
cyclone haa moved during the preceding 
24 hours northeast to the coast of New 
Jersey, with greatly inereassed energy, 
the barometer at the centershowing the 
abnormally low reading of 28.7 inches, 
Cold northwest winds, as shown by the 
arrows, art now blowing systemintically 
froin the high-pressure area of the north- 
western states southeast to Florida and 
the South Atlantic coast. The red iso- 
therm of jo degrees passes through the 
northern part of Florida, where, on the 
day before, the temperature was over 
50 degrees; The cyclonic gyration of 
this stort extemds 1,000 miles inland 
and probably to on equal distance out 
to sea. Heavy snow or rain has fallen 
throughout the area under its influence, 
seriously impeding railroad travel, and 
a gale of hurricane force has prevailed 
on the coast ; but when, on the day pre- 
ceding, the storm was central in Ala- 
bama all these conditions were foreseen 
and the necessary warnings issued. 
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Chart VII shows the conditions 24 
hours later. The storm center, as shown 
by the line of arrows, has been three 
days in passing {rom southern Texas to 
the mouth of the St Lawrence. The 
tentperature has fallen still lower on the 
Atlantic coast and in Florida 25 the re- 
sult of uninterrupted northwest winds, 
and no material rise in tempenitnte can 
occur wnttl the high pressure of the 
northwest isteplaced by a low pressure, 
and convectional currents are drawn to- 
ward the northwest instead of being 
forced southward from that region, 

When the charts indicate the forma- 
tion. of a large volume of dense, cold air 
in the northwest, as shown by the ba- 
rometer readings, the skilled forecaster 
is on the alert. He calls for special 
observations every few hours from the 
stations within and directly in advance 
af the coll ares, anid as soon as he be- 
comes convinced that the cold wave will 
sweep across the country with its at- 
tendant damage to property, destruction 
to animal life, and discomfort to humar- 
ity, the well-arranged system of dissem- 
inating warnings is brought into action, 
and by telegraph, telephone, flags, bul- 
letins, maps. amd other agencies the 
people in every city, town, and hamlet, 
and even in farming settlements, are 
notified of the adyarving cold 12, 24, of 
even af hours before it reaches them : 
amd it is safe to say that $10,000,000 
is a low estimate to make of the value 
of the perishable property that is pro- 
tected in the United States as the result 
of the warnings that are distributed by 
the government in advance of the com- 
ing of only one of several severe cold 
wives that occit each winter, — 

In the Inte spring and early fall the 
highs or snti-cyclones, while possess- 
ing less energy than in the winter, may 
at times bring down to the earth sich 
unseasonably cold air as to cause inju- 
rious or destructive frosts, the frosts 

ing caused not necessarily by the cool 
air of the high, but by the clearness of 
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the air, which allows. free escape of 
heat from the earth by radiation at 
fight. As-in the case of cold waves, 
warnings are widely distributed in ad- 
vance of the high that may canse frosts, 
with great profit to the growers of tender 
fruits and vegetables, 

Ina general way the degree of coid 
in a cold wave, or tather the departure 
of the temperature from the normal of 
the season, will be proportional to the 
height of the barometer, and a oeces- 
‘ary concomitant of a cold wave is an 
areaof low presstire immediately in ad- 
vance of the high pressure, the upward 
movement bt one increasing the down- 
ward motion of the other; and the 
ereater the difference in the barometer 
between the two the greater the velocity 
with which the air will gyrate about 
and into the low, and the greater the 
downward and outward movement of 
the airin the high. and the more intens= 
the cold. It therefore follows that a 
hich that is not preceded by an active 
low will have a less degree of cold for 
a given pressure, and that the extent 
and intensity of cold waves depends con- 
siderably on the form and the charac: 
teristics of the preceding low and its 
location ; if north of the center of the 
country the cold that follows will not 
reach the Gulf states in severe form, if 
at all: but if a low of considerable 
entrgy forms in the region of Texas 
and moves northeastward to the Atlantic 
coust, 24 nearly all lows do that orig- 
inate in this region, and a high of equal 
intensity develops at the same time over 
the northern platean of the Rocky Moun- 
tains, the latter will be drawn far to the 
south as the former moves ont of the 
way toward the east, and cold north- 
west winds, driven by the high and at- 
tracted by the low, flow into the Gulf of 
Mexico itself, even reaching the islonds 
of the West Indies. 

It would be impossible for a cold wave 
to come upon the Pacific Coast states 
with the highs that drift in from the 
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ocean, because of the warming eHect of 
the water upon the sir to considermble 
elevations; but frosts and cold wuyes 
visit the interior valleys of California 
and other const states anil reach olmost 
tothe ocean's edge, They are due to 
highs that move southward and then 
eastward along the plateau. The highs 
inay be moving eastward very slowly, 
bet the diameter of the areas covered by 
them may merease so rapidly that some 
cold air is pushed over the mountain 
tops and flows from the northeast into 
the interior valleys of the coast stntes, 
The WU. 8. Weather Burean has 
adopted cettain arbitrary thermal limits: 
etermine what constitutes a cold 
waive, Both the extent of the fall of 
temperature and the degree of cold that 
must be reached vary for season and 
piace, Forexample, m December, Jan- 
uary, and February a cold Wave in the 
northern Rocky Mountain region occurs 
when the temperature falls 20 degrees 
in 24 hours and teaches a minimum of 
zero or lower; in Tennessee a fall of 
20 degrees, and to 20 degrees or lower 
is required, while along the Gulf coast 
afallof but 16degrees and to 32 degrees 
constitutes a cold ware. "The fall in 
temperature is reckoned from any given 
hour of one day to the sane hour of 
the next day or from the minimum of 
one day to the minimum of the text. 
ae area ane the intensity of cold 
ves depend upon the size of conti- 
nents their Sarause from the trop- 
iC, The interior of North America 
and of Siberia have geographic condi- 
tions that catise the most severe cold 
waves of any parts of the world. If 
the elevation of the Rocky Mountain 
platean tn North America were one-half 
of what itis and if the mountain chains 
were leveled away, or even trended to 
the cast and west instead of north and 
south, the VE atioasphere of the 
Pacific, which extends upward but a 
very short distance and which decreases 
in density rapidly with elevation, be- 
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cause of the inability of water to exist 
in the vaporons form in considerable 
quantities except tinder the action of 
the comparatively high temperatures of 
the thin stratum near the earth, would 
flow far into the interior of the conti- 
nent, atl by absorbing the heat of the 
sun during the day and restricting radi- 
ation frotm the earth at night markedly 
decrease the severity of cold waves anid 
other changes in temperature. Hence 
it is seen that the height of mountain 
syatems anil their trend relative to large 
bodies of water and to the prevailing 
direction of winds are important factors 
in the causing of cold waves. 

As stated before, the air has a down- 
ward movement in the anti-cyclone, 
which may beso fecble as to cause only 
n slight change in teniperature at the 
earth, or it miay be active enough. to 
lower the temperature down to the frost 
line in spring or fall, or even have such 
energy as to cause a cold wave in winter. 
In the latter case the air possesses such 
intense cold at the elevation from which 
it is drawn that, notwithstanding the 
fact that it goins heat by compression 
atthe rite of about 1 degree foreach goo 
feet of descent, it is still far below normal 
temperature when It teaches the earth. 
Its initial temperature is so low that it 
can contain only a minute portion of 
water vapor; it therefore evaporates al! 
fox or cloncd a5 it gains in temperature 
during its fall, and by flowing away lat- 
erally along the carth it drives away the 
niore humid airof the lower strata, The 
downward motion thus mtrodnecs con- 
ditions of clearness and deficiency of 
water vapor that promotes free tadia- 
tion and the loss of much of the heat 
dynatically gained as well as that given 
off by the earth to the air. It therefore 
seems. that departures from the normal 
température of a time and place are the 
result of “Ar wiohions of fhe air below the 
heightof io miles. Ascending and de- 
scending currents cease before this alti- 
tude 1s reached, obs It is probable that 
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the temperature of this region changes 
but little from senten to season and 
from year to year, althongh short-period 
observations with the bolometer, which 
registers changes in the amount of heat 
that falls: apon the onter limits of the 
air, indiente that in time (t possibly may 
be necessary to modify this opinion. 
. Few people realize that the cold wave 
has an. iniportant therapentic value, It 
seatters amd diffuses the carbonic-acid 
gas exhaled by animal life and the fetid 
gay emanating from decaying organic 
matter. Its dense air not only gives 
more oxygen with each inspiration of 
the lungs, but the high electrification 
that always dccompanies it invigorates 
atl all other aninial life. The 
cold north wind, if it be dry, as it 
uenally 15; brings physical energy and 
tiental booyancy in its pure but bois- 
terons breath. 


HURRICANES 


Most of the storms that gam such a 
velocity of gyration as to consitute rare 
Hieanes originate in the tropics and move 
northwestward to latitude 26 degrees to 
32 degrees, where they recurve and move 
toward the northeast, These are the 
most severe of all the stormsthat visit the 
North American continent. The West 
Indies ond the Philippines are’ the re- 
gions wherein these forcetul storms 
originate In the greatest numbers, and 
the commerce of all nations hos profited 
larvely by the spitit that has prompted 
the United States to establish, since 
1598, a complete system of cable-report- 
ing meteorological stations in both of 
these sections, which enables o central 
ctation to keep mariners advised of 
danger. 

At times: humicanés remain several 
dave in the Gulf of Mexico or off our 
South Atlantic coast, and the only in- 
dication we haye of their Proximity ts 
strong suction drawing the air briskly 
over some of our coast stations toward 
the center of the sterm: Again, a 
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heayy ocean swell may be caused by the 
friction of the rapidly yyrating air on 
the surface of the water, and when the 
hurricane has a slow progressive move- 
ment, as it waually hos sonth of iatitude 
30 degrees, this swell may be propagated 
outwurd from the center of the storm 
faster than the storm is moving and 
teach the coast several hours hefore 
either the barometer or the wind move- 
ment gives any indication of the coming 
storm. 

The tracks of West Indian hurricanes 
ure usually in the form of parabolas. 
These storms come from the southeast, 
but on teaching the latitude of our Gulf 
cast they, a5 a tule, recurve to the 
northeast and pass along our coast line 
Or tear to it. 

Chart VIO shows a West Indian hur- 
ficane just moiking its advent into 
Florida. The effect of the storm is felt 
as far north as Wilmington, where the 
wind is being drawn from the northeast 
at the rate of 24 miles per hour, and dan- 
ger warnings, as indicated by the bars 

on the arrows, are being displayed as 
far north as Norfolk, both at the regu- 
lar observation stations of the Weather 
Bureau and at all the numerous large 
and small harbors af the South Atlantic 
coast. The winds at Savannah and 
Jacksonville are wow ie from the north- 
east and north, respectively, at 20 miles 
per hour, which is tour miles Jess than at 
Wilmington, farther away from the 
sborm center. This apparent imconsist- 
ency may be due to the low and re- 
stricted exposure of the instruments at 
the nearer stations, but not necessarily 
so, a8 the winds never blow into or 
around a storm at velocities that are 
evenly and consistently in accord with 
the pressure gradients, but rather inthe 
form of rising and falling gists. 

Observe that there are no warnings 
flying at Key West; this is because the 
storm center is moving away, and the 
wind cannot therefore reach any higher 
velocity than it now has, and mst 
steadily decline. 
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in studying the winds about this 
storm center, of rather about such part 
of tt-as projects over the land, recall 
the story about Franklin's northeast 
storm. It will be seen how it is possible 
for storms to progress against the wind. 
In thunder-storms this mile does not 
hokL They cover but ah miinitesimal 
ites in comparison with a cyclone, and 
there t¢ a horirontal rolling of the atmos- 
phere, caused by cold and heavy air from 
above breaking through into a lighter 


superheated stratum next the earth. 


This rolling motion throws forward the 
cool air in the direction in. which the 
cloud is moving. 

Chart LX shows a slight aberration in 
the northeast course of the storm, which 
places the cénter inland, so that the 
whole cyclone can be charted, From 
eastern Florida the usual course is north- 
eastover the ocean jostead of wp through 
Georgia and the Carolinas. What 
caused this stonm to depart from the 
usnal course? The reason can be easily 
found, and it is iniportant that one 
should find it. The high over New 
England and the contiguous ocean had 
o tendency to crowd the storm inland 
and catse it to seck the route of least re- 
sistance, and the low over the Lake re- 
gion attracted it. That is: the reason : 
it will be made plainer when we come 
to consider the translation of storms, 

The storm has been destructive to 
marine property, the wind at Savannah 
reaching 72 miles per hour, and 4 miles 
at Jacksonville, WArhitigs ate now 
displaved at all ports northward to New 
England, as the hurricane will move 
northward between the two highsalong 
the lines of least pressure. Chart X 
shows that it traveled from northern 
(reorgia to central New York during 
the next 24 hours. The stomn center 
passing northward over the land instead 
of the water, the hurricane winds on 
the water were onshore—a condition 
that strewed the const with the wreckage 
of many vessels that were unable to see 
the warning signals in time to seek har- 
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bors of safety. Tt is pertinent here to 
ask the student of weather forecastiny 
what would have been the direction of 
the wind and its effect on the coast line 
if the storm had follawed the tsnal 
course atid passed northeastward with 
its center over the water instead of over 
the land. By this time the teader 
shotld be able to atawer: The winds 
would have been from the west and 
much less harmful to mariners; because 
the surface water would have been 
driven seaward instead of being hanked 
up in boisterous billows opon the shore, 

and ships would have seudded out. to 
ocean before the gale instead of being 
broken up on the reefs. 

West Indian hutricanes are evelonic 
in character, but om account of the fact 
that the diameter of the whirling eddy 
i much less and the velocity of rotation 
much greater than in the average cy- 
clotee, it is customary to designate them 
as hurricanes. In other words, the 
hurricane isa cyclone of small aren, but 
of powerful vortical action, and conse- 
quently of great destructive force, 

Chart AI shows the track of the Gal- 
veston storm, The spirals are not true 
pictures of the storm; neither do they 
Tepresent pressure lines, as other charts 
have done. They are sed to illustrate 
more clearly than can be done in any 
other way the eddy-like motion of a cy- 
clone and at the same time give the 
location of the hurricane on various 
dates. 

In explaining the hurricane of Octo- 
ber 27, 1903 (chart VIII), it was stated 
that the storm was deflected a little from 
its normal course by an anti-cyclone that 
rested over the ocean, A similar dis- 
tribution of air pressure occurred on 
September 6, 1g00, when the ‘liurricane 
was over Florida, except. that the antt- 
cyclone covered the whole region from 
the Mississippi River eastward to Ber- 
mudaand southward tothe Gulf. The 
storm was therefore forced to travel 
westward around the high to the Texas 
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coast before it could turn to the north- 
east. [twas frstdetected in the Carib- 
bean Sea. It then moved at the rate of 
only about eight miles an hour. It in- 
creased tts speed between Florida and 
the Texas coast to about r2miles. It 
did not become destructive until after it 
passed intothe Gulf. Ther its velocity 
of gyration became so great that the 
water was beaten into a fury and great 
swells were propagated outward in ad- 

vanee of the storm, some of which 
reached Galveston 26 hours before the 
hurricane, As the storm passed over 
the latter city the apemometer registered 
roo miles per hour and then broke into 
pieces. This was probably nearly the 
highest velocity reached, as it ocenrred 
at about the time of lowest barometer, 

which was 28.48 inches. Asx the storm 
moved toward the Lakes its rate of trans- 
lation increased to about 60 miles per 
hour, but its destructive force was much 
less on the land than on the water, al- 
though it produced wind velocities of 
aver 7o miles at several Lake stations, 

which, by the way, were amply warned 
of the coming of the storm, as were all 
Gulf ports, 

Between July and October, inclusive, 
there are antiially about ten tropical 
storms that touch some portion of the 
Atlantic or Gulf const. Onan average, 
less than one per annum is severely de- 
structive. Most of them are of such a 
nature that if timely warnings be issned, 
as they usually are, little loss of life or 
property occurs. As to the frequency 
with which these storms visit the Gulf, 
it may be said that the late Increase A. 
Lapham, of Wisconsin, carefully - 
pared a list of severe stotins, more 
thirty-five years ago, to be used by him 
as one of the arguments for a govern- 
ment weaitherservice. He showed that 
from 1800 to 1870 ten hirricanes reached 
some portion of the Gulf coast with a 
force so marked as to leave anthentic 
records in the local annals of the region. 
This is an average of one in-each seyen 
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years, This average has been main- 

tained since i870; but no storm has 
left such an 1 appalting record 28 the one 
of September 8, 1900, known as the 
Galveston hurricane, and it is not prob- 
ahle that we shall again see its counter- 
part on the Texas const in centuries. 

~ Teisa meteorological coincidence that 
the West Indies bear the same storm 
rtlation. to the United States that the 
Philippines do to China and Japan. 

With the new possessions of the United 
States in the Orient it has been possible 
teestablish 2 storm-wuarning service that 


i as valuohle to the commerce plying 


the waters contiguous to the China coast 
asthe service recently organized jn the 
West Indies is to our southern sens, 
The hurricanes that occur in the Pliil- 

ippine Islands are called fyphoons. Like 
the West Indian storms, they ocour 
mainly during four months of the year— 
the midille summer and early fall, The 
late Father Vifies, S. J., a scientist who 


‘gave much study to tropical storms, says 


it must be admitted that cyclones do not 
form at aay place within the tropical 
rones, but that they single out for their 
formation definite regions within those 
ones. These regions are always on tlie 
southwest periphery of some of the great 
permanent ocean anti-cyclones. The 
conditions for the development of cy- 
clones in the tropics are best satisfied 
when large continents lie to the west, 
Whose coasts trend northward and south- 
ward, with extensive seas to the east. 
Such, at ony rate, are the geographic 
features that concur to form the cyclone 
regions of the West Indies, of the Plil- 
ippine Islands, of the China Sea, of the 
seas of India, of the region east of Africa 
in the vicinity of the islands of Mada- 
gascar, Mauritins, Reunion, Rodrigues, 

The cause of all tropical hurricanes 
may be made clear by confining the ex- 
planation to a description of the condi- 
tious that permit of the formation of the 
Weat Indian starms, which are as fol- 
lows : 
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Normally there is a belt of heavy air, 
of about 10 degrees of latitude in width, 
lying just north of the tropics, which 
interposes an almost impassable barrier 
to the nioversent of cyclones north- 
ward. The region af greatest pressure 
of this belt ts about the middle of the 
Auantic Ocean. By Atigust the heat 
of summer acting on the North Amer 
ican continent has raised the tempera- 
ture of the air over the land much more 
than it has that over the water, and the 
land portion of the high-pressure belt 
is dispersed, leaving an opening for the 
escape northward of tropical storms, 
which form in the ootan on tlie south- 
west periphery of the great high-presa- 
ure that so persistently reniains central 
over the ocean. From this place of 
origin the hurnmcanes are carried north- 
westward by the general circulation 
of air outward from and around the 
big high. This grand summer ciren- 
lavion of the air of the Atlantic Ocean 
brings the tropical storms nearly or 
quite to our South Atlantic or Gulf 
states before they recurve to the north 
cust in pursuing their course around the 
high, This anti-cyclone of the ocean 
differs from those that have heretofore 
been described, in the fact that it quite 
doggedly holds to nearly the same peo- 
eTaphic position It covers the whole 
sauthern ocean, and as the currents of 
air spirally flow outward, in a direction 
that agrees with the circulation of the 
hands of a watch, they frequently break 
up into small eyelonic whirls of too to 
400 aMmiles in diameter on the onter rim 
of the large anti-cycione, and expecially 
along the southwest qtarter of the tim. 
The air as it runs down through the 
anticcyclone feeds the vertices that form 
at the outer boundaries of the high. 
The vortex may whirl with the violence 
of ahirricane, and it ustally does ; but 
in its course westwani and then east- 
ward it clings to the outer hems of its 
parent—the anti-cyclone. 

The wonderful sweep of the West 
Indian cyclone is made clear by the 
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statement that storms of August and 
September may form southeast of the 
Windward Islands, cross the Caribbean 
Sea, recurve in the Gulf of Mexico or 
near the South Atlantic coast, and ; 
northesstward over the Atlantic Ocean 
and be lest in the interior of Europe or 
Asia. The history of these storms and 
of all others of the oceans is learned 
hy collecting and chatting the daily 
observations from thousands of moving 
ships in connection with the observa- 
tions of island anid opast stations. 


THE TRANSLATION OF STORMS 


The air expands upward to an alti- 
tude of 50 miles or more. It is so elas- 
tic and jts expansion ts so rapid as it 
recedes from the earth that nearly one- 
half of its mass lies below the three-mile 
level. Our storms and cold waves are 
simply great swirls in the lower stratum 
of probably not tore thin five miles in 
thickness, which more than likely are 
cansed by the flowing together, on about 
the same level, of masses of sir of widely 
different temperatures. An elaborate 
system of cloud observations, made dur- 
ing recent years, shows that the atmos- 
phere, in the middle latitudes of both 
hemispheres, flows eastward over these 
agitations of the lower air without be- 
ing disturbed by then. 

In the temperate zones cyclones ani 
anti-cyclones drift toward the east at 
the usual tate of S00 miles per day, or 
about 37 miles per hour in winter amd 
22 miles per hourin summer; bot there 
is no definite rule on which the fore- 
caster can rely. Sometimes they move 
at twice this speed. and again at less 
than half of it, or, what is more em bar- 
rassing to the prophet, remain station- 
ary for one or two days and die out, 
It is safest to assume that the velocity 
of translation of a storm will be the 
average of the two immediatety preced- 
ing it, unless the distribution of air 
pressure over the continent is markedly 
different in the several cnses. Cyclones 
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and anti-cyclones mstiually alternate, but 
not always At rare intervals a rain- 
storm or 4 cold wave may be followed 
by an atmospheric action similar to it- 
self, with only o narrow neutral area 
between, The most difficnlt weather 
tmp to interpret and make a forecast 
from ig.one that contains several partly 
developed cyclones ond anti-cyclones, 
each of small area and little force, The 
most that can be said them is that the 


weather will be unsettled, no definite 


type of weather lasting more than a few 
hors. 

Pour-sevenths of all the storms of the 
Unite! States come from the north 
tean region of the Rocky Mountains 
and pass trom this sub-arid rejrion east- 
ward over the Lakes and New England, 
producing but scant prec! ipitation, The 
greater number of the remaining three- 
sevenths are first defined in the arid 
southwest stites of territories: There 
neatly always can be relied on to cause 
bountiful precipitation as they move 
northeastward over the lower Missis- 
sippt Valley and thence to New Envland. 
Drouths in the great wheat and corn 
belts and elsewhere eastward are broken 
only by cyclones that form in Arizona. 
New Mexico, or Texas: Storms move 
faster in the not thern part of the United 
States than they doin the southern por- 
tion, and their tracks migrate with the 
Sitti. 

After the forecaster hus spent many 
years in studying the courses of storms, 
he learns that. at times, through @ gain 
in force that is pot shown by observa- 
tions taken at the bottom of the air, 
storms suddenly develop tnexpected 
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pated in his forecast, or that the barom- 
eter rises at the center of the storm 
without premonition and dissipates the 
energy of the cyclone. Fortunately, 
euch cases are exceptions, 

Chart ATT tilustrates the courses of 
suinmer storms in the United States, 
The lines show the origin and the tracks 
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of the centers of the cyclones for August 
during a ten-year period, the anti-cy- 
clones following about the same lines, 
Adding the numbers at the ends of the 
lines and at the braces that incloye 
groups of lines, it is found that 83 
storms either had their engin m the 
States or else came to them from the 
West Indies or passed up through the 
ocean near enough to affect the Atlantic 
coast, The influence of the high west- 
em platen and its mountains in the 
formation of storms is illustrated by 
the fact that 57 of these storms had 
their inception along the mountain sys- 
tem that runs through Colorado, Wy- 
oming, und Montana, and that none 
came infromthe PacificOrean. Awgust 
storms move at the rate of 16 to 26 miles 
per hour, or about §00 miles a day. 
Wherever the storms originate they are 
seen to have a strong tendency titi- 
tately to teach New Bugland. 

Now turn to chart XII, which gives 
the storm tracks for February for o 
period of ten years. Against the 3 
storms of August there aré 94 shown 
for February for the sae period—1884— 
S93. The tracks curve down farther 
to the south, many of them come in 
from the Pactie, and a large nomber 
form in Texas, but, Ikke those of A- 
gust, they finally pass over New En- 
gland, which fact explains the vorin- 
bility of the weather of the latter region. 

As regards storm conditions, the year 
may be divided into three parts: in the 
Northern Hemisphere. December, Jan- 
wiry, February, and March are dormt- 
nated by swiftly moving storms, swing 
ing far to the south and carrying wide 
oscillations of temperature clear to the 
northern boundaries of the tropics, with 
general precipitation ; June, July, An- 
gust, and September, by ill-defined 
storms and a sloggith movement of 
them, with many local raina of small 
aren, rather than general storms, while 
October and November are transition. 
periods between the summer and the 
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winter types, and Apnl and May he- 


tween the winter and the summer con- 


ditions. 

At times there is an abnormal change 
in the rate of drift of the highs and the 
lows simultaneously. over the taster 
and the western continents and the in- 
tervening oceans that throws weather 
forecasts temporarily into confusion. 
It is difficult to assign a reason to such 
stulden departures from nsual condi- 
tions, It may be due to the accumula- 
tion of large bodies of air over conti- 
nents or oceans from which no daily 
feports can be received. When mo- 
mentum expends itself against gravity 
there may be o banking up of air in 
unexplored regions, and its potential 
may become suddenly ayatlable in such 
ad Way as to uccelerate or retard the gen- 
eral drift af storms, or it may be die to 
the complex dynamics of motion of the 
vast gaseous sphere from which the 
earth receives light, heat, and various 
other radiations | 

When winter has become well estnb- 
lished there often develope a permanent 
high over the great plain between the 
Rocky Mountains and the coast ranges, 
which remains inactive for weeks at a 
time, lows and other highs passing 
down from the north along 1ts east front 
without materially disturbing it. Its 
principal function is to stop the drift of 
aturms into the continent from the 
ocean immediately west of it, In mid- 
summer the high may be replaced by a 
stagnant low, and hot scorching winds 
blow steadily for many days over the 
states lying east and southeast of the 
low, withering the wheat and corn of 
the central Mississippi ond. lower Mis- 
souti Valleys. Charts XIV and XV 
show the most frequent routes of storms 
in the Northern Hemisphere. 

The influence of the area of high 
pressure in deflecting storms from their 
normal or usual course is set forth by 
Professor Garriott in his paper on 
“Tropical Storms in September."’ In. 
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this paper Professor Garriott divided 
the tropical storms of September into 
three classes, namely: First, those that 
recurved east of the sixty-fifth meridian; 
second, those that recurved between 
the sixty-fitth and oinetieth meridians ; 

and, third, those that passed west of the 
ninetieth meridian or reached the United 
States without a recurve, OF the first 
class of storts, all of which, first ap- 
peared east of the fiftieth meridian or 
north of the twentieth parallel, Professor 
Garriott observes that only two appeared 
far enough to the south to render their 
advance over of near the West Indies a 
probability, and that in every instance 
the westward movement of the cyclones 
which recurved east of the sixty-fifth 
meridian was apparently prevented by 
anticyclonic areas which moved enst- 
ward over the Southern states and ob- 
structed the westward advance and 
forced a recurve to the northward, He 
states that the recurve of storms of the 
second class—r. ¢., those that recurved 
between the aixty-fifth and ninetieth 
Mieridians—was apparently due to the 
obstruction offered to a westward course 
by anti-cyclonic areas which had ad- 
vanced or hod been drawt from the 
continent over the west Gulf and South- 
western states. A large proportion of 
the third class.of -storms advanced 
westward from the eastern West [n- 
dies. On their arrival in abont longi- 

tude west 80 degrees, the average lon- 
gitude in which September tropical 
storms Tecurve, the pressure over the 
west Gulf began to decrease and rain 
set in, while the interior eastern districts 
of the United States were occupied by 
an extensive area of high pressure. As 
storms prefer to follow the path of least 
resistance, the centers moved toward 
the region of decreasing pressure anil 
avoided the high and Increasing pressure 
to the northward. When the pressure 
continoed high over the eastern districts 
of the United States the storms were 
unable to recurve, and were penned in 
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over Mexico or the Southwestern states. 
In such instances, Professor Garriott 
states, the cyclones developed great Vio- 
lence before disappearing, Similarly 
evclones of this class that advanced 
northweatwardly toward the Middle or 
South Atlantic coast of the United 
States were apparently prevented from 
recurving by high pressure over the 
ocean to the northward and northeast- 
ward, and. being foreed upon the coast, 
developed destructive energy. 

From the foregoing it appears that 
the effect of distribution of pressure in 
determining a storm's path is recognized 
in practical forecasting. 


SEW METHOD FOR DRTERMINING 
THE DIRECTION AND VELOCITY 
OF STORM MOVEMENT 


Local Forecaster Edward #. Bowie, 
in charge of the local office of the U.S. 
Weather Burean at St Lonis, Mo., has 
devised a new method of estimating the 
Tuture course and rate of translation of 


storms, which, while not being absolute 


in its determinations, isa marked ad- 
vance over anything heretofore accom: 
pli: ished inthisdirection. The tntusually 
high degree of accuracy that has at- 
tended Mr Bowie's forecasts for the past 
several yeurs attests the value of his sys- 
tem. Storms follow the lines of Teast 
resistance ; but the trouble is that with 
the niovement ‘of vast svstems of air, 
due to the excessive heat of the equator, 
combined with the rotation of the earth 
and the continual breakine up of the 
currents on the outer edges of these sys- 
tems into cyclonic or anti-cyclonic yor- 
tices, the lines of least resistance are 
alwavs changing, sometimes siowly and 
avain rapidly, The usefulness of Mr 
Bowie's work hes in the fact that while 
Some of his yalties are bot roughi 
signed he hos been able by a aay ot of 
the pressure gradients about the base of 
the storm, in connection with the gen- 
etal drift of the upper air, to obtain a 
resultant that approaches with close pre- 
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cision ta the line of least resistance at 
the moment of the taking of the obser- 
vations on which the weather chart is 
founded, In the majority of cuses his 
system locates the place to which the 
storm center will move during the com- 
ing 24 hours with considerable acct- 
macy, Tt might be improved on by tak- 
ing into account the rede of change in 
air presstire at all stations duriny the 
two hours preceding the observations, 
and constructing a hypothetical chart 
based upon such rate continue for 12 
or 24 hours, atid then applying the avs- 
tem to the Jatter chart instead of the 
real weather map in the effort to deter- 
mine the future course of the storm, 
The desorption of Mr Bowie's method 
is told in his own words as follows : 
“Assuming erratic storm movement 
to be die to unequal preseure distribu- 
tion, it is manifest that the direction and 
velocity of storm movement could be de- 
terinined were it possible to obtain cor- 
rect yalnes that would represent the 
pressure exerted pon a storm from) all 
directions and the eastward drift af air 
at high levels that carries the storm with 
it. Worn an this theory, effort has 
been directed toward obtainthg a value 
that would represent the 24-hour east- 
wird drift from any given locality. 
To find this value it bas been neces- 
sary, first, to determine the resnitant 
of the pressure from all directions to- 
ward the storm center. To represent 
this presstire from all directions, lines 
radiating from the atorm center to the 
north, northeast, east, southeast, etc... 
have been given, after considerable ex- 
perimental work, 4 length of one centi- 
meter foreach tenth of an inch increase 
in barometric pressure along these lines, 
working with a map the scale of which 
is 160 miles to an inch, or that of the 
Washington weather map. The result- 
ant of such lines, or forres, acting to- 
ward the storm center, which may he 
found by the roles governing the poly- 
gon of velocities, will show the direction 
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toward which the unequal pressure is 
forcing the storm, 

“Tf the pressure of the air: from all 
directions toward the storm center be a 
factor in determitting the direction and 
velocity of movement of a storm, it 1% 
obvicne that this resultant, representing: 
the value of and direction toward which 
the unequal pressire forces the storm, 
becomes one of the components that de- 
termine the storm's path. 

“As the 24-hour thovement of any 
given storm is the measure of the forces 
that determine that movement, it follows 
that by titing this resultant of pressure 
towntd the storm centet as ant of the 


components which catise the storm to 


move alony its path it 15 possible to find 
the other component of motion by re- 
solving a furce representing: a storm's 
24-hour movement into its two conipo- 
nents. One of these components, repre- 
senting the pressure effect, being known, 
the other component, representing the 
eastward drift, may be found by the 
rules governing. the parallelogram of 
forces. If there bea basis for this theory, 
it must necessarily be that the second 
component, representing the eastward 
drift, should have approximately the 
same direction and value for two or 
more storms in the same locality for any 
given. month of the year, provided the 
appropriate valtte is given the pressure 
acting toward the storm center from all 
directions, 

This component has been found for 
a large number of storms, whose values 
when charted show an agreement that 
appears to be more than secitlental or 
merely comedent, 

Having found the component rep- 
resenting the 24-hour eastward drift, 
which component is apparently fairly 
constant in value for any particular 
locality from year to year for a given 
month and the resultant of the pressure 
exerted on the storm center from all 
directions, the value of which ts a van- 
able quantity, it is patent that the direc- 
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tion and amount of movement of a'storm 
is the restiltant of these two forces. 
Thus, for instance, a December stan 
charted in, Colorado, subject to a press- 
ure that tends to force it siuthward goo 
miles im 2y hours, is during the same 
period being cartied eastward 450 miles 
by the flow of the upper currents. It 
is evident that the storm's actual path 
will lie between the two lines represent: 
ing the exsiward drift and the pressure 
that forces the starm to the south, the 
resulting movement being almost duc 
sOUtlicast and a distance of approx: 
mately Goo 1miles. 

' From aostudy of storm movement 
dlony the Hines outlined above it is ap- 
parent What the rate and direction of 
movement of a storm iy relatiun to its 
normal movement if poverued by this 
variable: coumponent, representing the 
deflective furce, or the resultant of the 
pressure exetied on the storm from all 
directions ; hence 1t follows that when 
this deflective force is toward the left 
(when factug the direction of normal 
provression) the storm will move to that 
side of the normal direction of advance, 
and when toward the right the converse 
will betrne, When this deflective force 
is acting in conjunction with the eust- 
wurd drift the storm'srate of movement 
will be accelerated, and when in appo- 
sition the storm's progress will be re 
tarded, It appears that in nearly all in- 
stinces the ston incremses in intensity 
when this component, representing the 
pressure of the air toward the storm 
center, is acting to the left of the normal 
direction of aivance, but when toward 
the right the storm, as a role, will de- 
Creane® il iMtensity. 

Naturally exceptions are to be found 
in applying the method outlined above, 
but in practically all instances the ¢x- 
eeplions have been the result of an un- 
foreséen increase of decrease in the press- 
ure toward the storm center from some 
one of the several directions, which, in 
addition to offering an ‘explanation of 
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the exceptions; tends to prove the cor- 
Tectuessof the principle. Of course the 
application of the methed is limited 
when the stor celer I4 near a region 
from which no-pressure observations are 
available—as, for itstance, the stems: 
that move-along the Canadian borer. 
In cases where there are a number of 
Ul dened starm centers it is not always 
possitle ta determie which center will 
become the primary one and which cen- 
ters will be dissipated, and therefore 
there is more or les doubt whether the 
dechuctions will be borne ont by subse 
quent events. in nearly all instances 
involving exceptions the error m prede- 
termining the movement of the center is 
apparcotly die to inability to determine 
the exact values that should be used to 
represent the pressure toward the stom 
center from the several directions. 

“The values determined by the meth- 
ods tsed in the research along the lines 
intlicuted above are neces-anly approx- 
imations only, and therefore tentative ; 
butit is believed that by refined meth- 
als of computation values representing 
the pressure exerted on the storm center 
aswell as the normal direction and ve- 
Jecity of the eastward drift can be found 
thut will show the exact conditions, and 
thustead toa higher degree of accuracy 
in charting the direction and movement 
of Storms. 

‘The accompanying charts illustrate 


the method followed in developing the 


‘normal storm tracks’ gud the appli- 
cation of the system in practical Faje. 
casting to determine the direction and 
rate of movement of storm centers dur- 
ing 24-hour periods. 

Chart XVI shows the method fol- 


‘lowed to determine the correct value for 


each tenth of an inch inerease in the 
barometric readings along lines radiat- 
ing from the storm center to the north, 
northeast, east, ete,, to represent the 
infiuence of the pressure exerted on the 
storm center from the several directions ; 

it also illustrates the method followed in 
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developing the “normal storm trucks* for 
agiven locality, Inthisfigure, drawn to 
to the senle of the Washington weather 
map, the vector X represents the diree- 
tion and moventent in 24 hours of the 
storm that was centered near Amarillo, 
Texas, Sa.m,, May 26, 1903. The vector 
3, isthe resultant of the pressure acting: 
from the north, northenst, east, ete., in 


the direction indicated, aml was deter- 


mined from an increase in pressure from 
the storm center outward at §a. m., May 





CyrautT XVI—Showing methad followed in developing 
intiny the conect 
value to pepiresert the Pprescre exerie on a shor 
center that conses it to depart from a normal track. 


normal storm tracks aml in sscertainin 


26, a8 follows: Tothe north, o.10inch ; 
northeast, o.oo; east, 0.60: southeast, 
o,90; sonth, o.30; southwest, o. 30; 
west, o.30, and northwest, 0.20, each 
tenth of an inch being given a value of 
one centimeter. The vector ¥ repre 
sents the 24-hour movement of the 
storm that was-centered over Amarillo, 
‘Texhs, at 8a.m., May 28, 1903. The 
vector Y, is the resultant of the pressure 
exerted on thestorm center, determined, 
ax above, from an itierease in pressure 
from the storm center toward the several 


directions,as follows: To the north, 6, 30 
inch: northesst, o.20: east, oO. 60; south- 
east, 0.30; south, o, 10 ; southwest, 0.10 ; 
west, o.10, and northwest, o. 40. 

* The vector X being the resultant 
of the forces that propelled the storm 
in the direction and to the point indi- 
cated in 24 hours, it is possible to elim- 
inate the pressure influence (if it be 
given an appropriate value) by resolv- 
ing the vector representing the track of 
the storm into its two components, one 

, of which, %,, being the result- 
ant of the pressure exerted on 
the storm, the other, X,, will 
represent the 24-hourvalwethat 
should be given the general 
citenlation of the atmosphere 
that carried the storm with it. 
Similarly, ¥, represents the 24- 
hour value that should be piven 
the general circulation that car- 
ried the storm of May 23 with. 
it. It will be observed that &, 
anil W,. representing the 24- 
hour valnes of the general cir- 
colation on the two dates, are 
of equal length and vary not 
more than 3 degrees 30 min- 
ites In direction, from which 
it may be assumed that the 
genetal circulation of the at- 
mosphere in May that carries 
the storms of the region of New 
Mexico and northwest Texas 
with it may be represented by 
a mean of a numberof vectors 
determined a above. It is mantfest, 
therefore, that should a-storm in May 
in the region indicated be acted upon 
by a distribution of pressure whose 
resultant is sere its 24-hour direction 
and mite of movement will be that of the 
general circulation represented by a cor- 
rectly determined mean of a number of 
vectors, suchas X and Y, Hence such 
iienns determined for the yurious dis 
tricts of the country have been desig- 
nated ‘normal storm tracks,’ and are 
shown for May in chart X VL. 


THe Nationa, Geocrapuic MacaziIne 


298 


Eoé) "poop pe Jo wars}. ay saaye Ay sweeties qe spre. }YFtaly ayy Ut auasg 





FORECASTING THE WeratrHEr and Storms 


SO —— 


ch 





299 


| 


Mish 





Lis 
a 


Scene dt St lows. | 


je ] Bil i'd 


306 


The value that should be civen each 
tenth of an inch increase in pressure 
measured outwardly from the storm 
ceriter is of vital importance to the cor- 
rect working of the system, and is ar- 
rived at by constructing a number of 
charts similar to that presented in chart 
XVI. -Feom an inspection of this figure 
it is apparent that if the vale given 
each tenth of an inch tnerease in press- 
pre be decreased the: resultants X, and 
¥, will decrease in length, und the angle 
hetween the vectors XX, and VY, will cde- 
crease, but the vectors themselves will 
become unequal—that is, X, will increase 
and V, decrease in length. (The work- 
ing of the system is dependent on the 
assimption that the general circulation, 
as represented by the vectors XM, and 
Y., i6 fairly constant.) Uf the valne 
given the pressure effect be increased, 
the resultants X, and Y, will hkewise 
increase, anil the vector X, will become 
shorter and V, very much longer, and, at 
the same time, the angle made by these 


lines will tocrease, from which it follows 


that a value of one centimeter for each 
tenth of an inch increase tn pressure best 
meets the requirements in this case," 
‘To determine the future course of a 
stort inthe month of May, for instance, 
resolve the pressure forces about the 
storm center into. their resultant, then 
take for the future direction and distance 
of translation of the storm the resultant 
between this force and the force illis- 
trated on chart XVII as the upper-air 
drift: or normal storm track as follows : 





& 


In which the low is central near New 
Orleans, a representing the presstire 
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resultant, or line along which the low 
will be forced if acted upon by pressure 
gradientonly, and 6° the normal storm 
track, or the distance and direction of 
movement of the low as the result of 
upper-air drift alone, and ar the track 
that the storo centerwill follow, Hence, 
instead of the storm moving due south 
into the Gulf as the result of pressure, 
of northeast to southwestern Virginia, 
as chart XVII shows is. the place to 
which upper-air drift will carry it, it 
moves due east to Jacksonville, Florida, 


TORNADOES 


The four conditions essential to the 
formation of ternadors are usually as 
follows: (1) A cyclone or aren of low 
pressure, the center of which is to: the 
north or northwest, with o barometric 
pressure not necessarily much below the 
normal; (2) a temperature of about zo 
degrees on the morning imap: (3) @ 
reat humidity, atl (4) that the time 
of year be March 14 to June +5. These 
conditions may and often do exist sepa- 
fately ; one or two of then: may be found 
coexisting ; but so long us the third be 
absent, tornadic formation is not likely 
to oOmtir, 

The number of these storms is not 
increasing ; the breaking of the virgim 
soil, the planting or the cutting away of 
forests, the drainage of land surfaces by 
tiles, the stringing of thousands of miles: 
of wire, or the laying of iron or steel 
rails have oot materially altered the cli- 
Hiatic conditions or contributed tothe 
frequency or intensity of tornadees. As 
Well might one by the casting of a pebble 
expect to dam the waters of the Mtssis- 
Sippl as attempt the modification or re- 
striction by the feeble efforts of man of 
these trememlons forces-of nature that 
surround onr earth and central our 
storms aml climate. To be: sure, as 
towns become more numerous and pop- 
tiation becomes more dense, greater de- 
stroction will ensue from the same num- 
ber of stories. 


FoRrEcASTING THE WeatrHER AND Srorms 


Tt is not possihle with our present 


knowledge of the mechanism of storms 


to forewarn the exact cities and towns 
that will be visited by tornadoes with- 
out alarming some townst hat will wholly 
eicape injury; but we knew that tor- 
nadoes are Alinost entirely confiied to 
the southeastern quadrant of the cy- 
clone, and that when the thermal, hy- 
‘frometric, and other conditions: are 
favorable, the spot joo to §o0 miles 
southeast from the cyclonic center is in 
the greatest danger. This fuct is well 
Hustrated on chart XVIT1, showing the 
evyclonic system that existed at 8 p. m. 
on March 27, rSgo, the day of the famous 
Louisville tornado, Two red lines, 
drawn at right angles to eoch other, 
divide the area of the storm into four 
quarters. Twelve tornadoes, repre- 
sented by short red lines, mostiy in the 
sotitheast quarter of the general cyclone, 
occurred during the afternagy or even- 
ing of the day. As most of these oc- 
curred several hours before 8 p.m., 
the time of the taking of the extensive 
system of observations on which the 
chart is based, when the center of the 
eyclone was too or too miles farther 
West, It in apparent that they all oper- 
atel somewhere within the southeast 
quarter of the geueral storm, although 
exceptions to this rule occasionally 
occur. 

It is desirable to make clear the dif- 
ference between the cyclone and the 
tornade, The majority of the press 
and many persons who shoul] know 
better tise these terms as synoanyimons, 
The cyclone shown on chart XVIII, 
which is fairly typical of all cyclones, 
is a horizontally revolving disk of air, 
covering the whole United States: from 
the Atlantic Ocean westward to and in- 
cluding the Mississipi Valley, with the 
air currents from ai] points flowing 


spirally inward toward the center, while 


the tornade is 4 revolving mass ‘of air 
of only about 1,000 yards in diameter, 
and is simply an incident of the evelone, 
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nearly always occurring in its southeast 
quadrant. The cyclone may canse mod - 
erate or high winds through a vast ex- 
nanee of territery, while the tornado, 
with a vertical motion almost tomens- 
titable, always leaves a trail of death 
and destruction in at area infinitesimal 
i Comparison with the area covered by 
the cyclone. 

The tornado is the most violent of all 
Storms, and is mare frequent i the cen- 
tral valleys of the United States than 
elsewhere. [thas choractetistics which 
distinguish it from the thunder-stenm, 
vie., a pendent, funnel-shaned clond 
and a violent, rotary motion in ‘a dtrec- 
tint contrary ta the movements of the 
hands of a watch, together with a vio- 
lent updraft at the center, 

Right here it is well to ingrire if a 
satisiactory reason can be given for the 
ecturrence of these violent agitations of 
the atmosphere mainly during the 
spring and early summer, ond usually 
only in the southeast quarter of the cy- 
clane, In answer it may he said that 
an hypothesis can be formulated that 
fairly well satisfies the requirements of 
thecase. First, one mtst-recall the fact 
that the atmosphere, even at the surface 
of the earth, is not dense enough to 
ubsorb but a stall part of the solar 
heat waves. They therefore reach the 
earth and warm its surface, but the ab- 
sorbed heat does not penetrate to any 
great depth, because the land is a poor 
conductor, but a good absorber and a 
good radiator, The land therefore re- 
tains its absorbed heat near the surface’ 
and quickly and freely radiates that 
which it has absorbed. The atmos- 
phere, which js a poor conductor, is 
thus rapidly warmed at the bottom, but 
the heat is slowly conducted upward, 
and in the spring of the year the gain- 
ing intensity of the solar rays and the 
increasing hours of sunshine warm a 
thin stratum of oir next the earth to an 
abnormal degree of heat in comparison 
with the stratum next above, which 
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still retains the cok! of winter. This 
abnormality is uccentuated in the south- 
east quadrant of the cyclone, wherein 
southerly winds still firrther add to the 
heat of the lower stratum and increase 
the humidity. An unstable condition 
then ensues, in which heavier air ts 
superposed on lighter and much warmer 
air. This unstable equilibrium is more 
often relieved by the breaking through, 
here and there, of masses of the heavier 
air and its horizontal rolling along the 
surface of the earth, with the warm and 
cald masses driven together by electric 
explosions; these are thunder-storms. 
But at times dry and extremely cold air 
are brought together with humid and 
very warm air, with the result that 2 
narrow vertical whirl is set up which 
develops great vortieal energy ; this is 
the tornado. The tornado alsa may be 
caused, and many times is, by the cy- 
clone whirling together on the same 
level the cold currents from the sorth- 
west and the warm oties from the sonth- 
east, especially at dn elevation of a few 
thousand feet, in the interior layers of 
the cyclone. ‘The vortex then burrows 
downward to the surfuce of the carth, 
er dances along with the tail of the 
funnel whipping from side to side, and 
touching only the high places or noth- 
ing at all. 

Tornadocs mostly occur between 2 and 
«§ in the afternoon, ond generally move 
from the southwest to the northenst ; 
theirtracksmay vary in width from afew 
hundred feet to one mile ; their velocity 
of tranlation is usually about that of 
anexpress train; their speed of gyration 
can be measured only approximately, 
but as it issufficient often to drive straws 
a half inch into the bodies of trees it 
must equal or exceed the velocity of a 
rifle bullet. Professor Biglow says: 
“The vortex: of a tornado obeys the 
laws of the movements of fluids in gyra- 
tory circulation. If a mass of air6,ooo 
feet in diameter is rotating ata half- 
mile level and it runs into a vortex 50 
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that the tube is roo feet in diameter at 
the top, and supposing the outer edge 
of the upper vortex makes 7 miles 
an hour, then at the rim of the bottom 
of the vortex we should have a velucity 
of 2oo miles an hour, This catses an 
enormous centrifugal force n the lower 
tube, a high vacuum, and low temper- 
ature, The vacttum tube causes the 
explosive and disastrous effects wpon 
objects in its path."' The cold of ex- 
pansion comlenses the vapor that makes 
the tube visible, and the sudden con- 
densation causes electric discharges of 
great violence. A roaring like the 
sound of a thousand express trains: ac- 
enmpanies the tornado, whese track ts 
usually 5 or ro miles in length, ane 
whose mite of movement is about 30 
miles per hour. | 

The writer visited St Louis the day 
after the tornado of May 27,1896. He 
was especially impressed with the fact 
that many of the buildings seemed to be 
burst outward at their tipper stories, 
indicating that at the time of their de- 
struction they were near the center of 
the rotating massof air, where cestrifu- 
gal force had reduced the ait pressure 
on the outside to stich an extent that 
the exparision of the air in the wpper 
storics of the houses whose windows 
and doors were closed had produced an 
explosion of the building. In one case 
all the four walls of the upper story of 
a house were thrown outward, leaving 
the lower story intact and the roof rest- 
ing in proper position one story lower 
than in the original building. Again, 
great structures seemed to have been 
crushed over or taken wp bodily and 
scattered in all directions. 

The fact that this tornado traveled 
with destructive force through several 
miles of brick buildings and yet left the 
city with greater force than it ee 
ou entering it illustrates the futility of 
planting forests to the southwest of 
cities for purposes of protection, as 
some have advocated. © strongest 
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trees would offer but little more resist- 
ance to the tornado than would so many 
blades of grass, and the drawing off of 
the electricity of the clouds by the pro- 
jecting points of the trees would have 
no ,as it never has been shown 
that electricity has anything to do in 
originating tornadoes; it is rather a 
result than a cause. The planting of 
trees is a useful occupation, ever if ther 
have no effect on tornadoes; but what 
shall one say of the municipality that 
hires a cannoneer to guard the southwest 


apprawuches to its city and to destroy: 


with shot all tornado clouds, os a small 
western city qnee did: Still its action 
was tio more rhlicolous than is that of 
certain provinets in Europe that an- 
nually expend large sams of private and 
public moncry in the shooting of hail 
clouds, of of otherwise intelligent pec- 
ple who aid and abet the most ignorant 
of charlatans in their pretensions of 
taking rain or of forecasting the 
weather tnonths in advan. 

There is a wide yanation in the owm- 
ber of tornadoes that occur dunng the 
gcirs. Chart No. XTX shows the loca- 
tion and the direction of movement of 
all the tornadoes of a year of small 
nitnber, and chart XX shows the te- 
sult of a year of great frequency: 


FLOODS 


With our many thousands of miles of 

navigable rivers flowing through one of 
the most extensive and Hitthal regions 
of the world, daily forecasts of the height 
of water in the various sections of exch 
fiver are of enormons benefit to naviga- 
tion, and the warnings issued when the 
precipitation. is so heavy as to indicate 
the gathering, during the near future, 
of flood volumes in the main streams 
are often worth many millions to navi- 
gators and to those: having movable 
property on low grounds contiguous to 
the streatis. 

The feasibility of making accurate 
forecasts as to the height of water sey- 
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eral days in advance at any station of 
the system is no longer questioned, and 
at stations on the lower reaches of rivers 
one to three weeks’ forecasts ate fensi- 
ble. The forecaster ateach nver center 
considers the rainfall, the temperature. 
the melting of snow, if there be any, the 
area and slope of the watershed, and the 
permeability of the sail. From a-study 
of floods in former years he knows the 
time recessary for the flow of the water 
from the tributaries to the main stream 
nnd the time required for the passaye 
of the flood crests from one city to an- 
other, The forecasts are, of course, 
empirically made, but still they are 
sufficiently acctirate to possess greit 
value to the people of the river districts. 

Some idea of the vast destruction of 
property due to floods may be gathered 
from the statement that the foods of 
PSht and 18352 cansed a loss of not less 
than $15,000,000 to the property inter- 
esta of the (hig and Mississipm Valleys. 
There was also a lose of 138 Hives. In 
tBS4 the region of the Ohio alone suf- 
fered’ a Joss of over $10)000,000 1n prop- 
erty, In 1io7 the loss along the sev- 
eral preat tiversiwas more than the sim 
of the two large figtires just written, 
and in. tg03 the destruction of property 
might fairly be estitnated at $40;000,000 
in value. 

From data that now covers many 
years ot-a large number of stations the 
following general relations have been 
deduced: The time it takes high water 
to pass from Pittshurg to Wheeling is 
one day; from Pitteburg to Parkers- 
burg, two davs; from Parkersburg to 
Cincinnati, three days; from Cincinnati 
to Cairo, six days; from Caira to Vick- 
burg, seven days, and from Vicksburg 
to New Orleans, four days. The time, 
therefore, from Pittsburg to the Gulf is 
23 days. Similar general relations con- 
cerning the movements of other rivers 
have been determined. Since the time 
ig so ¢reat—the movement of hich water 
being a Little <lower than the eurrent— 


304 


it follows that many interfering condi- 
tions may arise, tending to retard or 
accelerate the passage of the crest of 
the flood wave. No absolute rule is, 
therefore, possible ; but the forecasting 
of the exact flood stage many days, or 
even weeks, itt advance ot important 
river stations is of such frequent occur- 
rence a§ to indicate that, although the 
forecasts are enmipirically made, they 
have a substantial commercial valte. 
‘Each forecaster m charge of a river 
center has a definite section of the river 
s¥stem to watch and for which he must 
forecast. He receives the gen 
telegraphic reports of the daily rainfall 


that has eecurred aver the tobutaries: 


to his river district, reports of the gauge 
readings neater the source of the main 
river than his own station, and gauge 
realings from many of the tributary 
streams. He is familiar with the area 


of the catchment basin from which his 


rainfall reports are received, the con- 
tour and configuration of the surface, 


and the permeability of the soil, A 


slowly falling tain of considerable 
amount on a nearly level and permen- 
ble soi] may conse little rise, while a 
rapidly falling rain of the same amount 
on an impermeable and greatly inclined 
surface will gather quickly in the chan- 
nels of the tributaries and soon become 
a rushing torrent in the main stream. 


It is: thus seen that many modifying 


conditions mist be taken inte consider- 
ation. The forecaster studies the his- 
tory of previous floods under various 
temperatures and absorptive conditions 
of soil. He knows that the rainfall 
may be augmented by the melting of 
snow, if any there be on the ground, 
and that the temperature is an impor- 
tant factor in the flood; that on s 
frozen éoil, under moderate heat, the 
entire precipitation, plus meltage, may 
flow away without appreciable absorp- 
tion or evaporation and create higher 
water in the rivers than would he the 
case if the soil were open, and that an 
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unfrozen but satiated soil presents to 
the flowing water practically the same 
surface, so far as the latter affects the 
flood, asa frozen soil, Of alo 

tation that is absorbed “ part is evap- 
orated, a part taken up by vegetation in 
making its growth, and the remainder 


sinks to the impervious rock, which 


lies at no greatdepth below the surface. 
It slowly follows the slope of the rock, 
and gives tise to the springs that sup- 
ply the steady flow of the streams and 
rivers. This portion of downpour, 
while unimportant in the casing of 
floods, needs to be considered by the 


+iver forecaster, for an abundance of 


well-ahsorbed rains during the spring 
and early summer means the mainte- 
nance of fair stages in navigable rivers 
during the tseunl low-water season, and 
forecasts of low-water stages-are nearly 
as important to commerce as the pre- 
diction of flond heights. Tn brief, floods 
have their origin in the surface dis. 
charge, while the low-water flow of 
streams is mainly due to the wnder- 
grotind waters. 

‘The serv of a river gauge is placed at 
the level of the lowest water known, 
and if at any subsequent time a stage 
still lower ts récorded is read a5 a 
mints quantity, Thedeager fine varies 
with the lowality. On the Ohio river, 
of account of its narrow channel and 
its precipitous banks, the water must 
show vertical mses varving Irom 30 to 
50 feet before the danger Hine ts reached, 
At Cincinnati the danger line is 45 feet 
above the zeroof the scale, ond « height 
of 71 feet has been recorded. On the 
upper Mississippi the danger lites aver- 
age about 15 feet above zero, but from 
St Louis to Vicksburg they overage 
about 35 feet, while at Wen Cirleans the 
danger limit is but 15 feet above zero, 
An impermeable ground, such as that 
over granite bed rock, is marked by 
many rivulets and streams in compari- 
son with the number that are found in 
a permeable soilofequalrainfall, When 
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at great intervals a stream does appear 
in pertheable ground the flow of water 
may diminish as the stream progresses, 
the water being absorbed by the soil 
or sinking through it to the bed rock. 
Much of the water absorbed never 
reaches the rivers, In the Ohio Valley 
the amount of water drained away by 
the rivers is about one-fourth of the 
rainfall, which is the same asin Europe ; 4 
in the Missouri Valley the amount 5 
only one-eighth, These conditions have 
nl important hearing when considering 
what river stages will be effected by a 
given tainfall and what will be the rate 
of rise: In an impermeable region the 
rivers rise rapidiy and as quickly sub- 
side; in a permeable region the rise 
and the fall are slower 1n action and the 
amplitude of the movement lesa. 

In amall riversthe slope may fall away 
at the rate of four to seven feet the mile, 
while in large rivers, like the Misats- 
sippl, the slope is only about one-fourth 
of afoot. ‘The velocity of a river does 
not depend alone upon the slope, but 
also upon the mean hydraulic depth, 
the square ront of the two measures de- 
termining it closely. 

The regien of a river is the history 
of its movements and their causes. It 
may be modifed hy a change in forest 
areas or in the atea under cultivation. 
Cultivated ground allows of a much 
greater absorption than wild soil, and 
therefore hols in storage and conserves 
the supply for springs and streams after 
flomd seasons have passed. It is there- 
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fore a question if civilization. has not 
thereby considerably rectuced the m- 
tensity of floods, notwithstanding the 
cutting away of forests, the area cleared 
of forests being small in comparison 
with the total area changed froma wild 
to a cultivated state ; but before a hasty 
conclusion is reached one should not 
forget to consider that forest coverings 
reduce toa minnmum the amotnt of 
silt carried to streams, jolly from 
steeply tilted surfaces, They hol held the 
soil and prevent its washing away to the 
tivers, where it is deposited in such a 
way as to build op the river beds and 
possibly cause greater overflows than 
with the former larger volume of water 
nid less silt. Many have thought that 
the leveeing up of the Mississippi River 
will cause a building wp of the bottom 
of the river by the confining hetween 
banks of large quantities of <ilt-lacden 
water that forimeriv deposited most of 
its sediment on the adjacent flats before 
moving down thestrean); but here agam 
accontt is not taken of the fact that the 
jeveeing up of the river increases its 
depth, and therefore its velocity, and 
the carrying capacity of a stream in- 
creases as the cube-of its velocity. It 
is probable that the bed of the river has 
uot risen since & considerable portion 
was confined by levees. Many patiges 
that were established more than thirty 
ytars ago occasionally show minus 
rencditps. 

The varios flood scenes illustrated 
in this paper tell each its own story. 
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WHAT & We tek Beg heli h oS ‘OF 


HEN T first ue geography 

the population of Chinn was 

estimated at 230 millions; then came 

an advance to 360 millions ; iow we 

hear of over goo millions, and if the 

latest figures are correct there is reason 
for talking of the *' Yellow Peril."' 

Upon what-have these estimates been 
based? Has anything like a census 
ever been taken of the Chinese people ? 
Probably not, thongh the Peking gov- 
ernment, 10 dowht, receives reports con- 
cerning the number of people im the dif- 
ferent provinces, The published infor- 
mation must have been derived mainly 
from travelers; missionaries, diplomats, 
and naval officers. 

From my own observations during 
the three years | was on the Asiatic 
Station, [ would say that there are less 
than 200 millions of people in China, 
and perhaps some of the contributers or 
readers of the NATIONAL GioGRArHIC 
MAGAZINE, who have had better oppor- 
tunities to jnige, will show why or to 
What extent I am wrong. 

I spent several months in cach of the 
principal seaports from Tientsin in the 
north to Canton in the south and five 
or six months in the Valley of the 
Yangtee, going as fariniand as Ichang, 
a town nearly 1,000 miles from the sea, 
and beyond the reputed populous dis- 
tricts. I noticed that the country peo- 
ple instead of living on farms were con- 
centrated in villages, aud that these were 
generally small and often widely sepa- 
rated, 

The cities were limited jn area and 
contained no lofty buildings, one and 
two storied houses being the rue, 
Canton is the wealthiest, and, with the 
ergs exception of Peleiia, is. the 

opiiions cite. T was with a 
cc at made the citeuit of the walls, 
several Santen walking the entire 
way in a little over two hours, which 
proves that the enclosed space could 
not have exceeded six square miles. 
In the northern part we saw pardens 
and unoccupied ground. Compare this 


with Manhattan Island, with its 22 
aquare miles and lofty tenement houses. 

The streets of a Chinese city are very 
narrow, and the people live in them ond 
on the ground floor of the wide open 
shops and houses, therefore the visitor 
seems ta be always working. his way 
through a dense crowd. 

1 believe that tigers. are encountered 
in all portions of Chinn. It is certain 
that they are killed north of Peking, as 
the skins are sold there, and at Amoy 
the missionanes, who hod been inland, 
told me of the terror they inspired. As 
there is little of the dense undergrowth 
af india it is a cotparatively open 
country through which the tiger prowls, 
and his presence certainly does not sug- 
gest a land densely populated, 


E. Crank, 
Meatr Aitmirsh EF, 5. aay. 


The article on “Forecasting the Weather 
and Storms,” by Dr Willis L. Moore, 
Chief of ie United States Weather Bu- 
renu, published tn this number; is an 
advance chapter fram ‘' The New Me- 
tearoiogy,"' a text-book on weather sci- 
ence which js i Course of preparation 
by Dr Moore and which will be pub- 
lished in a few mouths by a well-known 
firm. The chapter is published herein 
idvance of the appearance of the book 
through the courtesy of Dr Moore, The 
members of the Society will undoubt- 
edly enjoy the interesting and Incid ex- 
planation of storms and weather given 
by Dr Moore, and will also appreciate 
the good-will of an-anthor who pennits 
the publication of a chapter in advance 
of the completed volume. 


The map showing the present seat of 
war in eastern Asia which appears as a 
supplement to this tumber of the Na- 
TIONAL (ROGRAFHIC MAGAZINE Was 
prepare) by the Military Information 
Division of the War Department and is 
republished by the National Geographic 
Society through the courtesy of Major 
Beach, chief of the division. It is be- 
lieved ‘that the map will prove particu 
larly useful to those who are following 
military developments in Manchuria, 
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raphy. by Cherles A. Memurry, 

PRD, Pp. st. § = 74 ‘inches. 

New York: MacMillan Ca. 

A much-needed book, containing 
many fine illustrations. The student 
cay fir out from its pages anything 
from the way his own particular quart of 
the country was formed to the most ap- 
proved method of milking cows and 
maintaining  sinitary dairy, The 
book is written in such simple language 
and is so well expressed that any one 
can toderstand and enjoy it. 


The Philippine Isiands, 1493-1898, vol. 
xxL Edited by Enima Helen lair 
fl James Alex ande+ Robertson. i 
317. 934 26%) inches. Clevela 
The Arthur H. Clark Co. 1904. 

In this 21st volume the publishers 
have got down to the year 1674 in their 
monnmental undertaking. ‘This one 
deals entirely with religious matters for 


that year, being composed of sources: 


bearing on ecclesiastical aquabbles, the 
founding of a Japanese seminary, and 
the labors of the early Recollect Mis- 
sions. The last forms tinore than half of 
the book, anc, like Jesnit writings; con- 
thing very valuable descriptions of the 
country, the people, and their ctistoms. 
Ty pographically the book is almost per- 
fect for use, the print being large, the 
paper heavy, and the binding excellent. 
It seems a great pity that this enter- 
prising firm should suffer a loss in their 
effort to advance the cause of knowl- 
edge. C.M. 


Along the Nile with General Grant. 
By Elbert. E. Farman. Fp. -xviii+ 
339. New York : The Grafton Press. 
1904, $2.50 met. 

The voyage of General Grant up the 
Nile to the First Cataract, in 1877; 
serves in this volume as a reason for its 
publication. The chapters on Luxor, 
Abydos, Thebes, the Temples of Kar- 
nak, and the Islands of Philae and Ele- 
phantine are evidences of Judge Far- 
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tian'’s careful observations of the re- 
tarkable antiquity of Egypt The 
yolume ts unusually well ilhustrated, 
and will be of special interest to those 
who have made, orcontemplate making, 
the tour of the Nile. A. W.'G, 


Dodge's Advanced Geography. By 
Richard Elwood Dodge. Pp. 333 4- 
xix. 9x77 inches. ‘Chicago: 
Kand, McNally & Co. r1on4. 

The distinguishing conception of this 
work is the emphasis lawl pon the 
“ catisal metro" ti geography —that is. 
that otir civilization is the result of 
natural conditions, First come geo- 
graphic principles, then their application 
In the second part, with oa tapi view of 
the different continents and lending 
countries of the world. The orderly 
growth of industrial life front natiral 
conditions 168 the central theme in all 
eases, Each important region iatepre- 


‘sented by three maps, relief. political, 


and commercial. ere are many beat 
tiful illustrations and helpful sugges- 
tions, 

The writer of the text bas likely 
never gone over this ground thoroughly 
as a teacher, else some defects would be 
nbsent. It seeing a waste of space to 
tell us that little is known about polar 
witds (50), There is amnch haziness 
about monsoons and stimmier and winter 
wits (48, 49,50). Thereisa trouble- 
some thixture of the terms ‘miles’ and 
degrees '" (89 bot i ¢onfusme to 
speak of “northwest trade-winds"’ 
(319). Yokohama does not have an 
excellent harbor. Tospeak of Georgina 
gTowing sugar ““extensively'" (144) 
and then in the diagram (149) to show 
how tnsignificant her total is will puz- 
fle most young minds. The work of 
the cartography ‘‘ expert '* 1 decidedly 
the most unsatisfactory part of the hook. 
He has stigar-cane over (nearly all. of 
South Carolina (148), He has a big 
cotton arca in the middle of the south 
Pacife (330). In other places he fairly 
tiots: in details, crowding his maps to 
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such an extent that they are scarcely 
more than “labored ingenuities. * 
Many of them are utterly bevond the 
capacity of children of the age of those 
who are expected to study this beak. 
So far as the publishers’ purt goes, the 
maps ere of the best workmanehip, ex- 
cept that the contrast of colors in the 
physical ones is not so tarked as it 
should be. | 

But inspite of these weaknesses there 
is hardly a volume the equal of this 
for developing the thinking powers af 
the pupils, and hence is the best this re- 
viewer knows of, CM. 


The United States of America. Fy 
Edwin E. Sparks. 2 voltumes, maps, 
Pp. x) + 4255 9-385, Miustrated. 
New York: G. kK. Putnam's Sons, 
f pi.. 

This is a most welcome and valnablie 
addition to The Story of Nations’ series. 
It commences with the treaties of peace 
in 1783 and traces the evolutionary 
stages through which the United States 
passed, frotn o confederacy of repiblics 
to its present status as a powerful na- 
tion, clothed with all powers needful 
for its progress and preservation. 

Perhaps the most interesting chapters 
are those outlining the finidamental 
bases on which centralization has been 
effected. Therein Prof, Sparks clearly 
indicates the most potent lines of action 
and their specific effects. The Jeffer- 
sonian ordinunce of 1784 with uoqguali- 
fied suffrage, the erection of the back 
lomds inte equal independent states, 
the home-making public-land system, 
the light-house and post-route policies, 
the assumption of the states’ debts, the 
entrustment of the milith: to executive 
control, the appropriations for scientific 
purposes, the adoption af excise and 
tariff measures. and the construction of 
the general welfare clause of the Consti- 
tution are given due weight and con- 
sideration. 

As to the later phases of our national 
history, the chapter on profit-sharing 
and paternaliam, on abolitionisn: and 
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colonization, and the passing of strict 
constitutional constriction throw in- 
structive side lights on the march of 
events. 

National madustrial development is 
too currant and political a topic for 
purely historical treatment, and from 
the nature of the case cantiot be tni- 
versally aocepted. 

Altogether, the literary style, subject- 


tiatier, and method of trealment are . 
excellent, There i4notadull chapter ~ 


in either volume, A. WG. 


Groundriss der Handeligeographie, vot 
Dr Max Eckert. ( Privatdorenten der 
Enikunde an der Universitat Kiel). 
Pp. x¥- 517. 9&6 inches; Letp- 
zig: G. J. Goschen'sche Verlags- 
handling. boos. 

This is a very conrprebensive sum- 
tary of-tacts rigidly based on the great 
ceansal notions of geogrmphic develop- 
ment. Following a simple and tiniform 
plan, our author treats the continents: 
and then the countries of the world, 
first giving a brief view of the land ant. 
the people of each, then the natural te- 
soutees, then the industries and occu- 
nations, and, finally, communication 
and trade, The three great divisions 
of the material world, plants, animals, 
aud minerals, are ta cach case described, 
with the next section pointing out the 
industries that have spring wp in that 
country, but-he leaves the student to 
supply the links of connection; and 
that brings up one serious defect of the 
work. It isa frightfully dry compils- 
tion of names and fignres, unrelieved 
by any graces of expression or interest- 
ing incidents, Itisdificult tosee what. 
place it would fill in education, a5 it is 
too heavy for American students, and 
tnany of the statements are annually 
superseded by almanacs or hand-books. 
Tt is not sufficiently scientific to be ac- 
cepted as an anthority in itself, since 
the sources of sadiait ppc sini not often. 
given. For general style and interest 
it is much inferior t6 the International 
Geography. C. MM. 


E have published a new edition of our map of 


Alasku, which was prepared by the United States 


Geological Survey. ‘The map is 36 by 42 inches, in 3 
colors, and is the first contour map of Alaska that has 
been made, : : : By mail, 25 cents. 


National Geographic Society 
Hubbard Memorial Hall : Washington, D. C. 
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